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Abstract: In this paper, recycled carbon fiber reinforced polymer (CFRP) mixture (CFRP-M, including recycled carbon fiber and powder) and refined recycled CFRP fiber (CFRP-F, mostly recycled carbon fiber) were added to cement to study the influence of addition on the flexural strength, compressive strength, and fluidity of cement-based materials. The recycled CFRP were prepared by mechanically processing the prepreg scraps generated during the manufacture of CFRP products. For comparison, commercial carbon fiber powder was also added in cement and the performance was compared to that of addition of recycled CFRP. The hydration products and strengthening mechanism of cement-based materials were analyzed by Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscope (SEM). The results show that the recycled CFRP has limited impact on the compressive strength but has an obvious improvement in the flexural strength of cement-based composites. Notably, CFRP-F is superior to CFRP-M in the reinforcement of cement-based materials. When the mass content of CFRP-F is 5%, the fluidity is 100 mm, and the flexural strength of specimens can be increased by up to 43.55%. Through XRD, FTIR, and SEM analysis, it is found that the main mechanism of recycled CFRP reinforced cement-based materials is the “bridging effect” induced by fibers and can prevent or delay the development of cracks. The recycled CFRP has no influence on the hydration process and will not introduce any new hydration products. Current research not only provides a theoretical basis for the design and use of recycled CFRP to reinforce cement-based composites but also offers a solution to relieve environmental pressure and improve resource utilization.
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1  Introduction

Carbon fiber reinforced polymer (CFRP) is widely used in aerospace, construction, transportation, and other fields due to its excellent properties. However, during the manufacturing process or at the end of its service life, a large amount of CFRP waste is produced. Traditional treatment methods such as landfills and incineration may cause environmental concerns and waste resources. Extensive studies have shown that adding a suitable amount of fiber, such as carbon fiber, glass fiber, or PVA, to the cement matrix can effectively enhance its mechanical properties. Specifically, the addition of fibers can improve the properties of cementitious composites [1], such as compressive strength [2], flexural strength [3], durability [4], shrinkage, and flexural toughness [5].

Carbon fiber reinforced composites (CFRP) possess exceptional characteristics such as high strength, lightweight, highly effective load-bearing capacity, good corrosion resistance, high-temperature tolerance, and ease of molding. These remarkable advantages have made CFRP widely used in aerospace, construction, transportation, wind power generation, and more engineering fields [6]. However, with the expanding use of CFRP, a large amount of CFRP waste is generated [7], and it is urgent to find ways to recycle the originally expensive carbon fiber for reuse from such waste [8]. Data shows that a total of about 8,500 aircraft worldwide are expected to be decommissioned by 2025. According to the American Wind Power Association forecast [9], by 2035, more than 700,000 tons of turbine blades for wind power will be phased out, and by 2055, this number is expected to reach 2.7 million tons. Therefore, a significant number of CFRP components will reach the end of their operational lifespan in the coming decade [10]. The traditional methods to handle the CFRP waste, such as incineration or landfill, will lead to substantial economic losses, and result in environmental issues including but not limited to air, groundwater, and soil pollution, as well as occupying a large area of land for waste disposal [11].

A feasible solution is to incorporate recycled CFRP into cement-based materials to investigate whether it can provide comparable reinforcement as commercial carbon fiber or carbon fiber powder, as the main constitute of CFRP is carbon fiber. If recycled CFRP is appropriately treated and utilized to enhance cement-based materials, it not only facilitates waste resource recycling but also potentially improves the performance of cementitious composite materials [12]. It has been shown that the addition of appropriate amounts of recycled carbon fiber reinforced polymer (CFRP) has a significant effect on the properties of cementitious materials. Nguyen et al. [13] cut the prepreg waste into fiber bundles of about 20 mm in length and cured them in an oven at 150°C for 24 h. The results showed that the maximum increase in compressive and flexural strength was 13% and 20%, respectively, and the cracking caused by shrinkage could be effectively reduced. Wang et al. [14] used 1 mol/L NaOH solution to treat recycled carbon fiber with residual thermoset epoxy resin on its surface, before its use in cementitious mortar. The results showed that the mechanical properties of the samples were improved and the maximum reduction of drying shrinkage was 26.7%. Akbar et al. [15] added the milled recycled carbon into the cement, and the results show that the flexural and compressive strengths of cement were increased by 82% and 47%, and the degree of hydration and chemically bounded water has increased by 6.64% and 1.59%.

In this paper, CFRP prepreg scraps from the factory production process were mechanically recycled into a CFRP mixture and then added to cementitious materials. The CFRP prepreg used is a prepreg waste generated during the production process when it is cut to fit the design, and its main component is carbon fiber. Since it is not involved in the hot compression molding of the composite material, the properties of the carbon fibers in the CFRP prepreg scraps are close to those of the original carbon fibers. Furthermore, it is a consistent and abundant source of industrial waste found in all composite manufacturing facilities. There is a large amount of powder in the recycled CFRP mixture, so the powder was also characterized and studied by comparison to those of commercial carbon powder. The effect of recycled CFRP on flexural strength, compressive strength, and fluidity of recycled CFRP on cement-based materials was evaluated by specimen testing. The hydration products of cement were further analyzed by Fourier transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). The reinforcement effect of recycled CFRP was also compared to that of commercial carbon fiber powder on the cement-based composites. The findings in the present study are crucial in establishing a theoretical basis for the potential widespread application of recycled CFRP reinforced cement-based composites in engineering fields. The study of recycled CFRP reinforced cementitious composites will benefit both environmental protection and resource utilization.

2  Materials and Experiments

2.1 Materials

The cement used in the current experiment is PO.42.5R ordinary Portland cement, sourced from the Shijing brand in Guangzhou, China. Recycled CFRP with a length of approximately 6 mm is obtained by mechanical treatment on the original CFRP prepreg scraps (Fig. 1) directly transported from the manufacturing factory. The initial recycled CFRP is a mixture of long carbon fibers and carbon fiber powder, which is referred to as CFRP-M in this study. The powder in the recycled CFRP mixture was removed by screening to obtain the recycled CFRP fibers, which are referred to as CFRP-F in this paper. Therefore, there are two kinds of recycled CFRP materials used in the current experiment, CFRP-M and CFRP-F (Fig. 2). For comparison, a commercial carbon fiber powder (CP, Fig. 3) which was often used in addition to cement was also studied in this experiment. The composition and particle size of CP are similar to those of powders in CFRP-M. The features of commercial CP are summarized in Table 1 (data provided by Nanjing Weida Composite Materials Co., Ltd., Nanjing, China).
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Figure 1: Original recycled CFRP prepreg scraps from CFRP product manufacturing factory
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Figure 2: Recycled CFRP
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Figure 3: Commercial carbon fiber powder
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Figs. 4 and 5 show the SEM images illustrating the morphology of the powder and CP in CFRP-M, respectively. A comparison of these images reveals that the powder in CFRP-M is mainly composed of carbon fiber powder, and mixed with a small amount of lumps, which may be the exfoliated resin component in the recycled CFRP materials. In contrast, when compared to the commercial carbon fiber powder, the length of most carbon fiber in CFRP-M is around 100 μm, while the length of the most carbon fibers in CP is less than 50 μm.
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Figure 4: SEM images of morphology of carbon fiber powder in CFRP-M
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Figure 5: SEM images of morphology of commercial carbon fiber powder

The results of the specific gravity characterization for the fibers and powder in the recycled CFRP-M are shown in Fig. 6. Ms represents the mass of the recycled fibers in the CFRP mixture, while Mv stands for the mass of the recycled CFRP-M. From the figure, it can be seen that when the mass of CFRP-M reaches 150 g and above, the specific gravity of the mass of recycled CFRP-F obtained tends to stabilize at around 0.75. It can be inferred that the specific gravity of the mass of CFRP-F in the recycled CFRP mixture is about 0.75, and that of the recycled carbon powder is about 0.25.
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Figure 6: Mass proportion of CFRP fiber in recycled CFRP mixture

The XRD test results of the recycled CFRP powder and the commercial carbon fiber powder CP are shown in Fig. 7, where RCP and CP represent the recycled CFRP powder and the commercial carbon fiber powder, respectively. The XRD peak intensity indicates that the chemical composition of the recycled CFRP powder is basically the same as that of the commercial carbon fiber powder. A comparison of the images of the two powders shows that the image of the recycled CFRP powder is rougher than that of the CP, indicating that it contains more amorphous substances such as epoxy resin.
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Figure 7: X-ray diffraction patterns of RCP and CP

The particle size distribution of recycled carbon powder (RCP) and commercial carbon powder (CP) is shown in Fig. 8. Compared with CP, the powder in RCP is much larger, and the particle size is mainly in the range of 10–100 μm, but more than 60% of the particle size distribution is around 10 μm.
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Figure 8: (a) Average size distribution, and (b) cumulative size distribution of RCP and CP

The results of the water absorption of the three materials, namely CFRP-M, CFRP-F, and CP, are shown in Fig. 9. It can be found that the water absorption rate of recycled CFRP-M (380%) is marginally higher than that of recycled CFRP-F (350%). In contrast, CP demonstrates the lowest water absorption rate, standing at 260%.
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Figure 9: Water absorption rate of recycled CFRP-M, CFRP-F, and commercial carbon powder CP

2.2 Sample Preparation and Testing Equipment

The water-cement ratio of the specimens was fixed at 0.45 to ensure the same degree of hydration of cement, and a total of 21 groups of specimens were prepared with the mass fraction of recycled CFRP ranging from 0% to 6% increased by 1%. The two types of recycled CFRP used in the experiment were CFRP-F and CFRP-M. A commercial carbon fiber powder (CP) was also added to the cement-based materials for comparison. The mass fraction of CP varies from 0% to 6%, increasing in the increments of 1%. Although the good water absorption capability of recycled CFRP will lead to a large amount of water reduced during the mixing of cement, however, the recycled CFRP with water absorbed can gradually release water during the hydration process of cement, which plays a key role in internal curing and can improve the internal relative humidity of cement [16].

The flexural and compressive specimens were made according to the “Test Methods for Strength of Cement Mortar” GB/T17617-1999, China. The weighed CFRP-M, CFRP-F, and CP were mixed with cement by a cement mixer for about 1 min, and then water was slowly added and stirred for 1 min. The prepared mixture was poured into a mold (40 mm * 40 mm * 160 mm) and vibrated to eliminate bubbles. Due to the good dispersion of recycled CFRP fibers, it is not easy to agglomerate in the cement paste, so the homogeneity of the specimen is high. After 24 h, it was taken out from the mold and put into the standard curing box until it was taken out during the test. The compressive and flexural strengths of the specimens were tested at 7 d, 28 d, and 120 d using an electronic universal testing machine manufactured by Instron, USA. The flexural strength was tested on 40 mm * 40 mm * 160 mm specimens. The loading rates are set to 50 N/s. After the flexural strength test was completed, the original specimen was separated into two pieces of the specimen (about half and half), and these specimens were then used to test the compressive strength, the loading rates were set to 2500 N/s.

The cement fluidity test was conducted following “Test Methods for Water Requirement, Setting Time and Stability of Standard Cement Paste” (GB/T1346-2011). The average diameter of the mixture in two vertical directions was measured. The particle size analysis of the recycled CFRP powder was carried out using a Malvern MS2000 laser particle size analyzer from the UK. X-ray diffraction (XRD) testing of the recycled CFRP powder was performed using a Rigaku Ultima VI X-ray diffractometer from Japan. The target material employed for the experiment was a copper target, and the scanning angle was ranged from 2θ = 5° to 2θ = 80°, and the scanning speed was set at 2°/min. The samples were ground and filtered through 200 mesh net and then dried before being analyzed using a Bruker TENSOR II+ Hyperion2000 infrared spectrometer. Besides, the crushed sample fragments were dried and gold sprayed, and the fiber reinforcement mechanism was analyzed by a Phenom Nano benchtop scanning electron microscope (Fenner, Netherlands).

3  Results and Discussions

3.1 Flexural Strength

The flexural strength of specimens was measured at 7 days, 28 days, and 120 days of age. The results are compared in Fig. 10. Remarkable enhancement of flexural strength is seen for cement matrix reinforced by CFRP-M and CFRP-F. The flexural strength gradually increases with the increasing amount (<5%) of recycled CFRP added to the cement. The enhancement is the best when the added dosage reaches 5%. Compared with the plain cement matrix, at the age of 7 days, 28 days and 120 days, the samples added with 5% CFRP-M has increased by 34.41%, 37.26%, and 26.63%, and the samples added with 5% CFRP-F has increased by 43.55%, 42.01%, and 23.23%. When the recycled CFRP content exceeds 5%, the flexural strength begins to decrease. The reason is if the recycled CFRP are used in excessive amounts, this will lead to uneven distribution of recycled CFRP in the cement, and the cement-based composites will have poor bonding surfaces and the load transfer effect is reduced [17]. Besides, a large number of air bubbles would be introduced in the processing of samples which can lead to the formation of a large number of pores and voids in the sample [18], thus affecting the overall flexural strength. With the proper amount of recycled CFRP, as the main component of recycled CFRP is carbon fiber which has high tensile modulus and tensile strength, the carbon fibers can form a stable grid structure inside the cement. The fiber bridging can inhibit the generation and diffusion of cracks in cement [19], and reduce the tip stress. When the cement is pulled, the friction resistance caused by pulling recycled CFRP out of the concrete under tension is large. The added recycled FRP fibers can consume more external energy and delay the concrete tensile failure [20], thereby can significantly improve the flexural strength of the samples [21] and prolong the life of the specimen [22]. In addition, the recycled CFRP can absorb and contain the water during the mixture, and then the water can be released gradually during curing, which can improve the internal relative humidity of cement and finally maximize the hydration degree of cement [23].
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Figure 10: Flexural strength of specimens after 7 days, 28 days, and 120 days

The flexural strength of the sample mixed with commercial carbon powder CP is lower than that of plain cement. The flexural strength decreases with the increase of CP content in concrete. When the content is 6%, the flexural strength of the sample has decreased by 13.71%, compared to the plain cement. It can be inferred that when the CP content continues to increase, the flexural strength of the sample will be further reduced. The flexural strength values of 7 days, 28 days, and 120 days samples have shown the same trend. This might be explained by the literature of Li et al. [24], in which it was found that after the added carbon powder is high, the surface of the particles will absorb more water, which has a great impact on the hydration process, resulting in a reduction in the strength of the specimen. Wu et al. [25] showed that the incorporation of untreated commercial short-cut carbon fibers into the cement matrix does not result in effective fiber bridging, as it requires a certain fiber length to enhance the mechanical properties of cement. However, with a length of only 10 μm, CP cannot form a stable network structure in the matrix. This also provides insight into why the incorporation of commercial carbon fiber powder into cement decreases the mechanical properties of cement. Since the particle size and composition of the powder in CP and CFRP-M are similar, this further explains why CFRP-F has a better enhancement on the cement matrix. This also provides insight into why the incorporation of commercial carbon fiber powder into cement decreases the mechanical properties of cement. Since the particle size and composition of the powder in CP and CFRP-M are similar, this further explains why CFRP-F has a better enhancement on the cement matrix than CFRP-M.

3.2 Compressive Strength

As shown in Fig. 11, after compression, the brittle failure of the cement test block without recycled CFRP (Fig. 11a) occurred, and the cement peels off from the surface, and finally formed a shape similar to an up-side-down pyramid. The cement around the test block with 6% recycled CFRP (Fig. 11b) only shows a tendency to peel off but does not really happen, and its surface only has a small number of cracks. The reason may be due to the constraint of recycled CFRP fibers on cement and the bridging effect on initial cracks [26]. The compression testing was conducted on specimens at 7 days, 28 days, and 120 days of age. The results are compared in Fig. 12. The addition of recycled CFRP can slightly enhance the compressive strength of cement. Similar to the trend of flexural strength, the compressive strength increases with the increasing amount (<0.5%) of recycled CFRP added to concrete. The enhancement was best when the content was 5%, compared with the plain cement matrix at 7 days, 28 days, and 120 days, the samples added with 5% CFRP-M has increased by 23.69%, 9.77%, and 5.11%, and the samples added with 5% CFRP-F has increased by 24.53%, 9.19% and 5.71%. Compared with flexural strength, the enhancement of recycled CFRP on the compressive strength of the cement matrix is not significant, especially after 28 days of curing, the enhancement is less than 10%. This phenomenon can be attributed to the occurrence of compressive failure within the colloid between particles, resulting in lower strength during the early stages of curing. The bonding force between the carbon fiber in the recycled CFRP and the cement naturally increase. Consequently, the contribution of the fiber reinforcement becomes less prominent over time. As for the samples mixed with CP, the compressive strength is higher than that of plain cement samples. At the curing age of 7 days, 28 days, and 120 days, the compressive strength increased by 7.53%, 6.09%, and 3.82%, respectively. This improvement can be attributed to the ability of CP to effectively fill the voids within the cement matrix. By filling these voids, CP enhances the compactness and density of the cement [27], ultimately leading to an increase in compressive strength.
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Figure 11: Compressive failure mode of cement test block (a) without adding CFRP; (b) with adding 6%
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Figure 12: Compressive strength of specimens after 7 days, 28 days, and 120 days

3.3 Workability

From Fig. 13, it can be seen that under the same dosage, CFRP-F has less effect on cement matrix fluidity. When the content of two recycled CFRP products (CFRP-F and CFRP-M) is less than 5%, the fluidity of cement matrix is good, and the slump is above 10 cm. When the content of the two CFRP recycles reached 6%, the slump was reduced to only 8 cm, indicating the loss of fluidity. In contrast, commercial carbon powder CP has less effect on the fluidity of cement. Even when the content reaches 6%, the slump of cement is still above 10 cm, indicating that the cement still has good fluidity. In summary, when the content of CFRP-M, CFRP-F, and CP is 6%, the fluidity of cement decreases by 29.63%, 24.44%, and 25.18%, respectively. All three substances contribute to a reduction in the fluidity of the cement matrix. This can be attributed to the water absorption properties of carbon fiber and CP present in recycled CFRP. As the content of these materials increases, they absorb more free water within the cement due to a constant water-cement ratio. Consequently, the thickness of the water layer between particles in the cement slurry decreases, leading to increased friction between particles [28]. In addition, fibers are more likely to form a stable network structure in the cement [29]. This network structure within the cement paste primarily originates from various forces, such as the van der Waals forces and flocculation interactions among cement particles [30], which, in turn, lead to a decrease in fluidity [31]. Similar conclusions were reported by Wong et al. [32] and Shahbazi et al. [27] regarding the impact of this internal network structure on the fluidity of cement paste [33].
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Figure 13: Effect of various admixtures on fluidity of cement paste

3.4 FTIR

The effect of recycled CFRP on the hydration reaction of cement was analyzed by observing the FTIR spectra of the plain cement specimens and the samples mixed with recycled CFRP and CP. From the comparison of Figs. 14 and 15, it is concluded that, compared to plain cement, the hydration products of the samples mixed with recycled CFRP and CP have the same absorption peak at the same position, indicating that the incorporation of these two substances does not change the types of hydration products. Therefore, it can be inferred that the incorporation of recycled CFRP and CP will not affect the hydration process of the cement matrix. In more detail, the absorption peak at 3644 cm−1 appear to be due to the O-H stretching of the portlandite (Ca (OH)2) phase [34]. The absorption peak at 1652~1643 cm−1 is the in-plane bending vibration peak of bound water H-O-H in hydration product [35]. The absorption peak of asymmetric Si-O stretching vibration in Ettringite appears at 1200 cm−1 [36]. Due to the carbonation of CO2 in the atmosphere, the cement forms calcium carbonate with an absorption peak at 1488 cm−1. The absorption peak at 960 cm−1 may be formed by unhydrated C2S. Further, the above several admixtures will not produce chemical composition of cement matrix. In summary, the analysis of FTIR spectra indicates that the incorporation of recycled CFRP and CP does not alter the type of hydration products formed during the cement hydration process. The observed absorption peaks correspond to the typical components of cement hydration, and the admixtures do not introduce any additional chemical compositions into the cement matrix.
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Figure 14: FTIR spectra of plain cement and cement with recycled CFRP at 7 d and 28 d
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Figure 15: FTIR spectra of plain cement and cement with CP at 7 d and 28 d

3.5 SEM

Fig. 11 shows the effect of recycled CFRP fiber bundles on the development of microcracks. In Fig. 16a, it is evident that microcracks initially form along the weaker hydration products of the cement. However, when encountering the recycled CFRP fiber bundles, the microcracks change their direction and propagate along the interface of the recycled CFRP fibers. This suggests that the presence of the CFRP fibers influences the path and direction of microcrack development. In Fig. 16b, the effect of a single carbon fiber, separated from the recycled CFRP, on microcrack development is displayed. The cracks initiate from the top and progress downwards, eventually branching into two at the carbon fiber interface. Notably, the width of the two separated cracks is significantly narrower, indicating that the original cracks tend to propagate towards the carbon fiber interface. This phenomenon can be attributed to the redistribution of fracture energy, which influences the direction in which the cracks propagate. In summary, the observations from Fig. 16 demonstrate that the introduction of recycled CFRP fiber bundles alters the path of microcrack formation, leading the cracks to develop along the interface of the CFRP fibers. Additionally, the presence of individual carbon fibers affects the width and direction of crack propagation, indicating the redistribution of fracture energy within the materials.
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Figure 16: Microcrack development in cement composites

A large number of dendritic C-S-H can be clearly seen on the surface of recycled CFRP after hydration for 4 h, indicating that the surface of recycled CFRP is suitable for the nucleation and growth of C-S-H (Fig. 17a). The hydroxyl groups on the recycled CFRP are also capable of forming hydrogen bonds with calcium silicate hydrate (C-S-H) gel or cement hydration products, which can be explained by the presence of some carboxylic and hydroxyl groups in the polymeric coatings on the surfaces of recycled, which could react with calcium ions (Ca2+) and generate ionic bonds [37]. After hydration for 7 h, it can be seen that the surface of recycled CFRP is completely covered by the hydration products of cement, and rod-like ettringite can also be observed in the field of view (Fig. 17b), which indicates that recycled CFRP has no effect on the hydration reaction of cement, and the bonding strength between recycled CFRP and cement is good.
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Figure 17: Microstructure of recycled CFRP

Fig. 17c reveals the presence of residual epoxy resin within the fiber bundle, while the outer surface appears smooth. This observation suggests that the primary failure mode of the fiber is predominantly pull-out failure. During the pull-out process, the outer edge of the fiber bundle undergoes scraping, leading to the shedding of the epoxy resin. When the sample experiences a fracture, the bonding force between the fiber and the matrix creates a bridging effect that impedes crack propagation. As the sample reaches its maximum load-bearing capacity, the fiber on the fracture surface disengages from the bonding force and slips out. This pull-out mechanism consumes a significant amount of energy, contributing to the actual load-bearing capacity and toughness of the material [38].

4  Conclusions

The current experimental investigation aims to understand the effect of recycled CFRP with different dosages added as reinforcement in cement-based materials. For comparison, the effect of the carbon powder in the recycled CFRP mixture was compared to the results of the commercial carbon powder. Different additional amounts of recycled CFRP were investigated, and the flowability, compressive, and flexural strength of the cementitious materials were evaluated. In addition, the reinforcement mechanism of recycled CFRP in cement-based materials and hydration products was analyzed by SEM and FTIR.

(1) The addition of CFRP-M or CFRP-F into the cement has improved the flexural and compressive strength, the effect of flexural strength enhancement is more obvious, and the reinforcement effect is most obvious when the amount of recycled CFRP is 5%, reaching 43.55% and 42.01% at the age of 7 d and 28 d, respectively. With the additional amount of recycled CFRP increased from 0% to 6%, the enhancement of the mechanical properties of cement-based materials is more obvious in the early stage. The flexural strength of adding 5% CFRP-M and CFRP-F at 7 days has increased by 34.41% and 43.55%, respectively, which is close to the increase rate of that at 28 days. At 120 days, the increase rate from plain cement to cement with 5% recycled CFRP has reduced to 26.63% and 23.23%. Similarly, from 0% to the best performance of 5% addition of recycled CFRP, the improvement rates of CFRP-M and CFRP-F on compressive strength at 7d were 23.69% and 24.53%, respectively, but at 28 days and 120 days, the improvement rates have decreased to be less than 10%.

(2) The fluidity of the cement matrix is negatively influenced by the content of CFRP-M and CFRP-F. Specifically, CFRP-M has a greater negative impact on fluidity. However, when the addition amount is below 5%, the cement paste can still maintain good fluidity with a slump value >10 cm. If the content of the two recycled CFRP parameters exceeds 5%, the cement matrix will experience a severe loss of fluidity.

(3) Through FTIR analysis, it was found that both CFRP-M and CFRP-F will not affect the chemical properties of the cement matrix and will not affect the hydration process. SEM analysis showed that the interface bonding performance between the cement matrix and the recycled CFRP is good, which makes the recycled CFRP fiber play a better bridging role in the cement matrix. This bridging effect is the primary reason for the enhancement of mechanical properties.

(4) With the increase of the addition of CP in cement, the flexural strength of cement-based materials was decreased, and the compressive strength was slightly improved. When the CP content is 6%, the fluidity of the matrix decreases by 25.18%. At the age of 7 d, the flexural strength of the matrix has decreased by 13.71%, and the compressive strength has increased by 7.53%. It was found by FTIR analysis that commercial carbon powder does not influence the hydration products or the hydration process of the cement matrix.

In summary, recycled CFRP obtained by mechanical processing of CFRP prepreg scraps generated during the manufacturing of CFRP products can be added to cement to enhance the flexural and compressive properties. The recycled CFRP does not have a chemical reaction with the cement, and the bridging effect is the main mechanism behind why the added recycled CFRP can increase the mechanical properties. When the amount of added recycled CFRP is less than 5%, no obvious effect on the flowability of cement was observed. Therefore, the CFRP prepreg scraps generated in the manufacturing process of CFRP products can be processed and added to cement to create recycled CFRP-reinforced cement, which has the advantage of low cost and stable performance. Durability investigation is to be further studied to better evaluate the life cycle of recycled CFRP-reinforced cement and concrete.
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Table 1: Properties of commercial carbon fiber powder

Length (um) Fineness (um) Carbon content (%) Density (g/cm®)

5-10 4-6 >95 1.6-1.76
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